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Invariant spatial relationships of objects may provide a rich source of contextual
information. Visual context can assist localization of individual objects via an
implicit learning mechanism, as revealed in the contextual cueing paradigm
(Chun & Jiang, 1998). What defines a visual context? How robust is contextual
learning? And is it perceptually constrained? Here we investigate whether both
local context that surround a target, and long-range context that does not spatially
coincide with a target, can influence target localization. In the contextual cueing
task, participants implicitly learned a context by repeated exposure to items
arranged in invariant patterns. Experiments 1 and 2 suggest that only local con-
text facilitates target localization. However, Experiment 3 showed that long-
range context can prime target location when target and context are not separated
by random information. Experiment 4 showed that grouping by colour does not
affect contextual cueing, suggesting that spatial features play a more important
role than surface features in spatial contextual cueing. In separate analyses,
visual hemifield differences were found for learning and performance. In sum,
the results indicate that implicit learning of spatial context is robust across noise
and biased towards spatially grouped information.

Context can have a powerful influence on the processing of visual information.
Objects can be recognized without context but when dealing with less familiar
objects, complex scenes, or degraded information, the importance of context
increases (Ullman, 1996). In a series of studies, Biederman and colleagues
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(Biederman, 1972, 1981; Biederman, Mezzanotte, & Rabinowitz, 1982; but
see Hollingworth, 1998) demonstrated that both identity and location can
provide information for locating a target. For instance, objects placed in a
jumbled scene are harder to find than those placed in a congruent scene.
Similarly, Bar and Ullman (1996) used object pairs, such as a hat and glasses, to
show that the recognition of two objects presented together was faster then
when presented alone, but only when the objects were in the proper spatial
relationship to each other. The hat facilitated recognition of a pair of glasses
below it, but not when they were presented side by side. Thus the relative
location of elements in a scene, and also semantic relationships, can prime the
identity and location of other elements in the scene.

How are spatial relationships learned? That is, how does the location of cer-
tain objects cue the location of other objects? One can imagine that there are an
uncountable number of possible locations for most objects since many items,
like hats and glasses, are moveable. Yet everyday experience tells us that cer-
tain object configurations are better and more common than others.

We have begun to explore these issues using a paradigm termed contextual
cueing (Chun, 2000; Chun & Jiang, 1998, 1999; Chun & Phelps, 1999). Partici-
pants were asked to search through a display of rotated Ts and Ls and locate the
target, a rotated T, as quickly as possible. The spatial layout of the distractor
objects defined the global context. A set of these displays were made invariant
by repeating them across blocks, throughout the entire experimental session.
These displays are referred to as old contexts. Participants were mostly
unaware that configurations were repeated over time. Were participants sensi-
tive to the contextual information, even though they were not told it was infor-
mative? The results show that they were, as demonstrated by faster reaction
times (RT) in the old context condition, as compared to new contexts, randomly
generated in each block to serve as a control. This shows that invariant spatial
context can cue the location of a target. Furthermore, this cueing happened
unconsciously, as the participants had no awareness or explicit memory of the
repeated contexts, as demonstrated by forced choice-recognition tests. These
results are interpreted as showing that implicit memory of visual context can
provide top-down guidance for attention.

These results suggest that with repeated experience, the visual system picks
up on invariant spatial relationships and uses this information, or context, to
guide attention to the location of a target item. Conscious knowledge or seman-
tic labels do not appear necessary. Thus spatial context is encoded when invari-
ant configuration information predicts, or is associated with, a target location.

But does the visual system really pick up on any sort of covariation? Prior
theories of implicit learning would support this contention, since they generally
have a “ubiquity” assumption (Frensch, 1998; Whittlesea & Wright, 1997).
This assumption endorses the notion that the relation between any two or more
items can, in principle, be learned. Thus, there is no reason to assume that it
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should be more difficult to acquire the relationship between A and B than
between A and C. In other words, these models assume no stimulus association
constraints. For instance, Hayes and Broadbent (1988, p. 251) wrote that
“[implicit learning operates by] unselective and passive aggregation of infor-
mation about the co-occurrence of environmental events and features”. Other
investigators have made similar claims (e.g., Berry & Dienes, 1993;
Cleeremans & McClelland, 1991; Lewicki, Hill, & Czyzewska, 1992;
Mathews et al., 1989; Reber, 1989).

However, past research has shown that some associations are more easily
formed than others. A classic example comes from conditioning research.
When poison is ingested by a rat, the rat is more likely to associate the subse-
quent nausea with a novel food than with a novel light or sound (Garcia, Ervin,
& Koelling, 1966). Stomach pain and novel food seem to be quickly and effort-
lessly bound together whereas other covariations are either never learned or
necessitate great effort.

One similar finding has been reported in the implicit learning literature.
Frensch (1998) used the serial reaction time (SRT) task with mixed sequences
of letters and graphic images. In the SRT task, participants make a simple
keypress to each stimulus presented on the computer screen. In the experimen-
tal condition, the sequential pattern of stimuli follows an invariant pattern while
the pattern is random in the control condition. Participants typically respond
faster to the repeated pattern though unaware of the pattern (Nissen &
Bullemer, 1987). Frensch (1998) found implicit learning only for sequences of
letters or sequences of images, not mixed letter-image sequences. It is possible
that learning did not occur because letters are more likely to be verbalized than
pictures. Mixed verbal–pictorial associations may be difficult to form. An
alternative explanation was offered by Whittlesea and Wright (1997). They
propose that implicit learning is constrained by active, albeit implicit, organiza-
tional processes on the part of the observer. If this theory is true, it is possible
that perceptual organization principles may impact implicit learning.

Previous attempts to investigate perceptual constraints on implicit learning
have largely centred on attentional constraints (Cohen, Ivry, & Keele, 1990;
Frensch, Lin, & Buchner, 1998; Jiang & Chun, 2001; Jimenez & Mendez,
1999; Nissen & Bullemer, 1987; Stadler, 1995). For instance, using the contex-
tual cueing paradigm Jiang and Chun (2001) examined the effects of selective
attention to stimuli of a particular colour. In their study, each display contained
eight red items and eight green items. Participants were instructed to attend to
only one of the colours. When the configuration of items in the attended colour
was consistently paired with a target location, visual search was improved. Sig-
nificant effects were not obtained when the invariant configuration was in the
ignored colour. These results suggest that selective attention modulates, and
may be necessary, for implicit learning. Furthermore, these results suggest that
the formation of configurations is flexible, since participants could group
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together only the green or red elements to form a configuration. In other words,
the items did not have to be spatially contiguous to form a configuration.

Spatial grouping is known to be an important Gestalt grouping principle, as
is grouping by common attributes (colour). It is possible that some of the
known perceptual grouping principles may affect the types of associations that
can be implicitly learned. Stadler (1993, 1995) has suggested that temporal
grouping may shape implicit learning. Using the SRT paradigm he manipu-
lated the time interval between the response and the presentation of the follow-
ing stimulus. Longer time intervals were perceived as pauses, and participants
may have unconsciously used this information to create spurious chunks, a
finding previously reported in memory tasks (Bower & Springston, 1970;
Bower & Winzenz, 1969). This tended to impair their performance, possibly
because participants failed to pick up on the correct chunks, dictated by the
SRT sequence. These results suggest that groups do not readily form over
temporal gaps.

If groups do not easily form over pauses, it is also possible that they do not
form over temporal spans containing irrelevant material. This was demon-
strated by Cleeremans and McClelland (1991) using the SRT task. They
suggest that long-distance predictive information is less effective then short-
range predictive information because memory decay renders the former
information less effective.

Are there similar spatial constraints? Seger (1998) suggests that both time
and space should play important roles in implicit learning; however, less is
known about spatial constraints since most implicit learning tasks have empha-
sized sequential processing. In this paper we examine how spatial constraints
may affect implicit learning of visual configurations using the contextual
cueing paradigm. Like Cleeremans and McClelland (1991), we expect that the
introduction of irrelevant material between the target and context may limit
learning. Rather than proposing a memory decay model as they did, we suggest
that implicit learning of configurations is biased to bind or associate proximal
neighbours, in the absence of explicit grouping cues. As such, insertion of irrel-
evant material between target and configuration will break the association.
These results would suggest that perceptual grouping principles constrain
implicit learning. Besides investigating the constraints of contextual cueing, it
is also important to understand the robustness of the phenomenon. An under-
standing of both ends of the spectrum are an essential primary step toward
developing insights about learning mechanism. Previous researchers have
shown that implicit learning can occur under impressively noisy conditions.
For instance, Cleeremans and McClelland (1991) and Stadler (1992) generated
probabilistic serial reaction time (SRT) sequences. In probabilistic sequences,
an item cannot be perfectly predicted from the previous item. However, with
extensive practice (60,000 trials over many days) participants’ performance
improved, reflecting implicit learning. These results suggest that the learning
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mechanism is statistical, picking up on probabilistic associations. Thus the
learning mechanism appears to be more robust and flexible than a simple repe-
tition priming mechanism that can only operate over repeated veridical
representations.

Although Jiang and Chun (2001) showed that top-down attentional set can
parse out the invariant configuration, it is important to see whether a configura-
tion can be parsed out of a noisy background in the absence of explicit colour
cues and explicit, top-down perceptual set. The results of our experiments will
indicate whether or not implicit visual context learning is robust across noisy
random input and whether context learning is modulated by perceptual group-
ing principles such as spatial proximity.

In our paradigm context is operationalized as the spatial layout of a visual
search display. The repeated “old” context occupies one half of the screen,
while the other half of the screen is occupied by a random configuration of
items, or “new” context. The division between old context and new context is
imperceptible since no boundaries exist between the two halves of the screen.
In other words, the division between “signal” and “noise” is defined statisti-
cally over trials. The target can appear either within the old context (local or
short-range context condition) or outside the old context, in the new context
half (long-range context condition).

This manipulation also allowed us to look at the effect of visual hemifield on
contextual cueing. These analyses are interesting in their own right since previ-
ous investigators have reported visual hemifield differences in guided search
performance (e.g., Kingstone, Enns, Mangun, & Gazzaniga , 1995). It is possi-
ble that there will be visual hemifield differences in implicit contextual cueing
of visual search. These analyses are presented after the search results.

EXPERIMENT 1

Experiment 1 examined two issues. Our first concern was to test whether long-
range context is useful for locating a target. If so, this would indicate that visual
context works by a highly associative mechanism, based on statistical proper-
ties of the global display, in which almost any context that is highly predictive
of a target location can be efficiently utilized by the visual system. This would
serve to downplay the role of spatial contiguity. Alternatively, we may find that
spatial proximity is more important, such that contextual cueing will not be
obtained from long-range context information.

Two types of conditions are used to test this: (1) long-range context condi-
tion (LRCxt) was created by placing the target on the opposite side of the
context, amidst the “noise”; (2) local or short-range context condition (SRCxt
condition) in which the target is on the same side of the screen as the context,
and the noise is on the other half. This manipulation also provided a
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manipulation of the hemifield factor, since the invariant context was always on
either the right or left side, and the random configuration of distractor elements
in the other hemifield (see Figure 1 for a schematic illustration).

We contrasted the long-range context and short range context conditions
with two other conditions: (1) Global context (GlobalCxt) in which the invari-
ant context makes up the entire display screen, replicating Chun and Jiang
(1998); and (2) the control condition (New) containing completely novel item
configurations (all noise) across both hemifields.

Method

Participants . Sixteen undergraduate participants served as participants in
partial fulfillment of an Introduction to Psychology course requirement or as
paid volunteers. All observers reported normal or corrected-to-normal visual
acuity and normal colour vision. None of the participants were aware of the
purpose of this study.

Design and procedure. The two main variables were context and epoch
(1–5). Context is operationalized as the configuration of a visual search dis-
play, and the two terms are used interchangeably throughout the paper. There
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Figure 1. A schematic example of a standard display for the LRCxt and SRCxt conditions. Time is
represented on the horizontal axis, condition on the vertical axis. The invariant context that repeats
across blocks, occupies half of each screen. The other half is occupied by a random configuration (the
dashed line serves to highlight the division; it was not present in the actual experiment). In the LRCxt
condition, the target is always on the opposite side as the invariant context. In the SRCxt condition, the
target is always on the same side as the context.
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were four context conditions. In the global context condition (GlobalCxt) the
entire screen was repeated across blocks. In the short-range context condition
(SRCxt), the half of the screen that contained the target was repeated across
blocks. In the long-range context condition (LRCxt), the half of the screen that
didn’t contain the target was repeated across blocks. Finally, in the novel con-
trol condition (New), all of the configurations were randomized across blocks.
Each session consisted of 20 blocks of 32 trials each (8 GlobalCxt, 8 New, 8
LRCxt, 8 SRCxt) for a total of 640 trials. To increase power, blocks were
grouped into 5 epochs.

Each configuration was made up of 16 items. The GlobalCxt set of stimuli
consisted of eight randomly generated configurations that were generated at the
beginning of the experiment and then repeated throughout the entire experi-
ment. A randomly chosen target always appeared in the same location within
any particular configuration. The SRCxt set consisted of eight randomly gener-
ated configurations in which half of each configuration remained invariant,
repeating throughout the entire experiment. A randomly chosen target always
appeared in the same location, relative to a specific configuration, within the
invariant half of the screen. The LRCxt set was generated in a similar manner as
the SRCxt set except that the randomly chosen target always appeared in the
same location, relative to a specific configuration, on the side opposite the
invariant half of the screen. The New set consisted of eight different configura-
tions that were newly generated for each block, to serve as a control baseline.
Here also, eight target locations were chosen at the beginning of the experiment
and used throughout the remainder of the experiment.

The distractor locations in each configuration were randomly sampled from
all possible locations including target locations used in previous configura-
tions. Configurations were generated separately for each participant.

The target was a “T” rotated 90 degrees to the right or left. The distractor
stimuli were L shaped stimuli presented randomly in one of four orientations
(0°, 90°, 180°, 270°). However, the two line segments that would meet at a 90°
angle in a typical L were offset by 33%, making the Ls more similar to the target
stimuli. This made the search task more difficult. The identities of the
distractors within their respective spatial locations was preserved in the
repeated configuration conditions. A target was present on every trial. This tar-
get was randomly chosen so that the identity of the target did not correlate with
any of the configurations. Only the spatial location of the target correlated with
its respective configuration.

Each display contained 16 items which could appear within an invisible
matrix of 12 × 8 locations that subtended approximately 37.2 × 28.3 degrees in
visual angle. The display background was gray, the items white. The size of the
stimuli was about 2.3 × 2.3 degrees in visual angle. The position of each item
was jittered within its cell to prevent colinearities with other stimuli. The centre
position of each item was randomly jittered in steps of 0.2 degrees within a
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range of ± 0.8 degrees, within its respective cell. The jittered position for each
item was held constant throughout the experiment for the repeated
configurations.

The observer pressed the space bar to begin each block. Each trial started
with a small dot appearing in the middle of the computer screen for fixation of
300 ms. After a brief pause of 500 ms, the array of stimuli appeared on the
screen. The participant searched for the target and pressed a button as soon as
they could. Participants pressed one of the two buttons corresponding to
whether the bottom of the T was pointed to the right or to the left. They pressed
the “z” key if the target pointed left, the “/” key if pointing right. The response
cleared the display with a blank screen, and feedback was given in the form of a
brief high pitched chirp for correct responses, or a prolonged low-pitched tone
for errors. After 1 s, the next trial began. A mandatory break of 10 s was given at
the end of each block. Participants reinitiated the experiment when they felt
ready.

The experiment began with instructions followed by a practice block of 20
trials to familiarize participants with the task and procedure. The spatial config-
urations used in practice were not used in the actual experiment, and none of the
configurations were repeated. Most important, participants were not informed
that the spatial configurations of the stimuli would be repeated in some trials.
They were simply given instructions to search for targets as quickly and as
accurately as possible. The entire experiment took about 45 min.

Apparatus. All experiments were conducted on a Macintosh computer
using MacProbe software (Hunt, 1994). The stimuli were presented on a 17-
inch colour monitor. Viewing distance was approximately 50 cm.

Results

Search task. The mean RT for all correct trials was computed separately
for each condition and then submitted to a repeated measures ANOVA with
condition (4) and epoch (5) as factors. RTs that exceeded 6000 ms or were less
than 100 ms were discarded (less than 1% of data). Overall error rates were low,
at 2%, and did not correlate with any of our factors, condition: F(3, 15) = 1.39,
p > .26; epoch: F < 1. This pattern was consistent across all experiments
reported in this study, and will not be discussed further.

Figure 2 reports the data as a function of epoch to provide a detailed por-
trayal of the learning curve in our search task. The means of correct RTs were
collected for each condition as a function of epoch. There was no difference
between configuration conditions in early stages of training, while the curves
diverged with increased training.

The main finding was that observers were able to localize and discriminate
targets more efficiently in the GlobalCxt and SRCxt conditions than in the New
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condition. This benefit in performance has been termed the “contextual cueing”
effect (Chun & Jiang, 1998). This was first shown in a repeated measures
ANOVA. There was a main effect of condition, F(3, 45) = 4.97, p < .0046, and
there was also a main effect of epoch, F(4, 60) = 66.5, p < .0001, reflecting the
fact that participants generally became faster over time due to perceptual or
skill learning. The interaction between condition and epoch was not significant
however, F(12, 180) = 1.32, p > .21.

To examine the results in a more focused manner, we performed an interac-
tion between only the first and last epochs (epochs 1 and 5) of the New vs.
GlobalCxt condition. This revealed a statistically significant interaction
between configuration × epoch, F(1, 15) = 12.02, p < .0007, suggesting that,
initially, participants were equally fast in both conditions but over time, they
were able to utilize the invariant information in the GlobalCxt condition and
use this to improve their performance. The interaction between the New and
SRCxt was not significant however, F(1, 15) = 2.63, p > .13. To make sure that
there were no differences between conditions early in the experiment, we com-
pared the mean RTs of the New and SRCxt conditions in block 1 and also in
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block 2. There were no differences in either block (F < 1), suggesting that the
later differences were due to learning of invariant contexts.

Planned comparisons for contextual cueing are presented in Table 1,
beneath the means and standard errors for each condition. This shows the
means of correct RTs for each condition as a function of the first half and the
second halves of the experiment (2 grand epochs).

Contextual cueing is defined as the difference between the New condition
and each of the other conditions. Faster performance relative to the New condi-
tion represents contextual cueing. Following prior convention (Chun & Jiang,
1998, 1999), we focus on the New/Old comparison for data for the second
grand epoch (second half of the experiment), where effects of learning are
assumed to be more apparent. According to this measure, the main effect of
condition is F(3, 45) = 6.36, p < .001, indicating that RT performance was mod-
ulated by condition. The magnitude of contextual cueing, or the learning bene-
fit over the New condition, in the GlobalCxt condition was 250 ms, t(15) = 4.62,
p < .0001. In the SRCxt condition the magnitude of cueing was 160 ms, t(15) =
2.96, p < .005. There was no statistically significant differences between the
New and the LRCxt condition, t(15) = 0.209, n.s., showing that repetition of
long-range context does not produce contextual cueing. There was also no dif-
ference between the global and short range context conditions, t(15) = 1.66,
n.s., suggesting that both conditions similarly enhance target localization via
learning.

Visual hemifield analysis. In a separate analysis, we examined the effect
of right or left visual hemifield target placement on learning. Note that the tar-
get and context are on the same side of the screen for the SRCxt and GlobalCxt
conditions, while the context is on the opposite side of the screen for the LRCxt
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TABLE 1
Response time as a function of condition and
the first and second halves of the experiment,

for Experiment 1

Condition First half Second half

New 2559.63 (67) 2307.63 (82)
GlobalCxt 2423.81 (61) 2058.06 (67)

t(15), p 2.51(.02) 4.62 (.001)
SRCxt 2495.25 (87) 2147.68 (56)

t(15), p 2.35 (.02) 2.96 (.005)
LRCxt 2557.88 (88) 2296.31 (80)

t(15), p 0.032 (.97) 0.21 (.84)

Standard error in parentheses following RT; two-
tailed t-tests are between the new and each other
condition to measure contextual cueing. The t-tests are
followed by their p-values in parentheses.



condition. The data are summarized in Table 2, shown as a function of condi-
tion, visual hemifield, and grand epoch (first and second halves of the experi-
ment).

We first examined the general effect of target placement with condition (4),
hemifield (2), and grand epoch (2) as factors. Left hemifield targets were found
more quickly, as indicated by a marginally significant main effect of hemifield,
F(1, 15) = 4.34, p < .054. The interaction between target location and condition
was not significant, F(3, 45) = 1.5, p > .228, suggesting that the left hemifield
benefit was similar in degree in all conditions.

In follow-up tests, using only the second grand epoch data, comparisons
were performed between the left and right hemifields in each condition, for
instance, New right vs. New left. To control for inflated type-1 error due to mul-
tiple comparisons, we used an alpha value of .016. Participants located a target
faster when it appeared in the left visual hemifield, as compared to the right
visual hemifield, for two of the conditions: New, t(15) = 4.56, p < .0001; and the
LRCxt, t(15) = 2.87, p < .006, and it approached significance in the GlobalCxt
condition, t(15) = 1.86, p < .069. Thus, there appears to be a general perfor-
mance benefit for targets positioned in the left visual hemifield, since there was
a benefit even in the New condition.

The general performance benefit in the left visual hemifield does not tell us
anything about hemispheric differences in contextual cueing. We analysed the
effect of hemifield on contextual cueing by comparing the RT results of each
hemifield to the corresponding hemifield of the New condition. Since we have
six comparisons, the rejection criterion was 0.008. This analysis revealed that
contextual cueing was mostly driven by right visual field information in the
present experiment. Looking at contextual cueing in the right hemifield, right
GlobalCxt was 348 ms faster than the right New condition, t(15) = 4.67, p <
.0001, and right SRCxt was 304 ms faster than the right New condition, t(15) =
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TABLE 2
Response time as a function of condition and the first and second halves of the

experiment, by hemifield, for Experiment 1

Left hemifield Right hemifield
————————————————– —————————————————

Condition First half Second half First half Second half

New 2388.94 (90) 2139.19 (106) 2723.56 (118) 2478.75 (98)
GlobalCxt 2296.31 (112) 1992.31 (105) 2554.25 (68) 2131.00 (91)

t(15), p 1.25 (0.22) 1.97 (0.054) 2.28 (0.028) 4.67 (0.0001)
SRCxt 2446.69 (96) 2116.69 (72) 2548.38 (114) 2174.69 (77)

t(15), p –0.77 (0.45) 0.22 (0.83) 2.35 (0.023) 4.07 (0.0002)
LRCxt 2446.13 (134) 2191.63 (111) 2669.94 (100) 2405.19 (97)

t(15), p –0.78 (0.44) –0.705 (0.485) 0.72 (0.47) –0.99 (0.328)

Standard error in parentheses following RT; two-tailed t-tests examined the difference between each
condition and the new condition. This is followed by the respective p-value in parentheses.



4.09, p < .0002. However, for information in the left field, only one comparison
approached significance, New vs. GlobalCxt, which was (147 ms faster, t(15) =
1.97, p < .054). There were no statistically significant effects in the LRCxt
condition.

An interaction between visual hemifield and contextual cueing, broken
down by condition shows that the left–right contextual cueing difference was
significant. This interaction was nearly significant in the GlobalCxt condition.
(Left New–Left GlobalCxt)-(Right New–Right GlobalCxt), F(1,15) = 3.81, p <
.057, and it was significant in the SRCxt condition, F(1, 15) = 7.48, p < .016.

Discussion

Three main resultswerefound in Experiment1. First, contextualcueing is robust
over noisy patterns. Participants learned to extract and encode a configuration
placed adjacent to noise that made up 50% of the visual image. They used the
invariantconfigural information within these images to guide searchtoa target.

Second, the results indicate spatial constraints on contextual cueing. Con-
text learning does not occur for any type of meaningful association. Contextual
cueing only occurred when the target was embedded within the predictive con-
text, suggesting that context is encoded locally and does not provide useful
information over long distances in these tasks. If participants could encode any
type of predictive context information, there should have been some effect in
the LRCxt condition since this condition also contained an equally predictive
association between the old context and the target location.

Third, there may be visual hemifield differences in contextual learning and
guidance. Since we did not control for eye movements, it is difficult to make
definitive statements about the neural basis underlying the visual hemifield dif-
ferences. However, participants commenced each trial at fixation, and previous
work has shown that a 200 ms duration of exposure to the search array is suffi-
cient to trigger contextual cueing (Chun & Jiang, 1998). Hence, each hemifield
of the visual array may have initially projected to its contralateral hemisphere in
early stages of search. Providing evidence that context may influence visual
processing fairly rapidly, intracranial event-related potential (ERP) data sug-
gests that learned context may begin to modulate processing within 200 ms of
stimulus onset (Olson, Chun, & Allison, in press). Alternatively, the fact that
significant differences were obtained may suggest that visual hemifield differ-
ences may occur for allocentric representations of high level visual stimuli. In
any case, we can make two tentative conclusions about the hemifield data.
First, participants were generally faster at finding targets that appear in the left
visual field. A leftward bias has been reported in many attention and perception
tasks (e.g., Burt & Perrett, 1997; Kim, Anderson, & Heilman, 1997). These dif-
ferences may be due to learned reading biases that produce left to right scanning
behaviours (Chokron, De Agostini, & De Agostini, 1995; Vaid & Singh, 1989).
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Our second conclusion is more intriguing. Learned context shows an advan-
tage in the right visual field. Contextual cueing was larger for targets and con-
text appearing in the right visual field. It is interesting to note that Kingstone et
al. (1995) also found a right visual field benefit for guided visual search in split
brain patients. Guided search occurs when a conjunction search is constrained
to a subset of items that share a target feature, improving search efficiency
(Wolfe, Cave, & Franzel, 1989). Kingstone et al. (1995) account for their
results by suggesting that strategic visuospatial control is lateralized in the left
hemisphere. It is possible that contextual cueing is also controlled by strategic
top-down processes, leading to a similar right visual field benefit. Our data sug-
gest that one component of the facilitating effect of context is more strongly
lateralized to the left cerebral hemisphere. Interestingly, intracranial ERPs
recordings reveal a similar left hemisphere lateralization for contextual cueing
(Olson et al., in press).

EXPERIMENT 2

Experiment 1 split invariant and random context information across the two
hemifields, which may have initially projected to the two cerebral hemispheres.
Independent of the potential implications our results have for understanding
hemispheric differences, it will be useful to know if implicit contextual learn-
ing is robust across noise that is distributed across both left–right hemispheres.
Thus, to extend the validity of the results of Experiment 1, we used the same
manipulation, but varied hemifield placement so that the repeated context
appeared in either the upper or lower hemifield. This allowed us to again exam-
ine the robustness of implicit learning and the perceptual constraints on implicit
learning. This also allowed us to examine how upper–lower visual hemifield
differences compared to left–right visual hemifield findings.

Psychophysical studies have shown an advantage for image processing and
tracking in the lower visual field (He, Cavanagh, & Intriligator, 1996; Rubin,
Nakayama, & Shapley, 1996) when eyes were centrally fixated. This finding
may reflect processing in extrastriate visual areas that contain an anatomical
break between the upper and lower hemifield representations, with more cellu-
lar space devoted to the lower hemifield (Felleman & Van Essen, 1991). In our
manipulation we examined both performance and learning to see whether the
lower-hemifield advantage is modified or sensitive to learning.

To test these hypotheses, the repeated configuration appeared either on the
upper or lower half of the screen with a novel configuration appearing in the
opposite hemifield (SRCxt and LRCxt conditions). As before, the target could
appear either on the side congruent with the configuration (SRCxt), or the side
opposite, within the noise (LRCxt). The control condition (New), was made up
of a completely novel configuration of elements, and we also included the
GlobalCxt condition.
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Method

Participants, design, and procedure. Sixteen naïve undergraduates served
as participants in this study. The design, and procedure are the same as in
Experiment 1 except that in this experiment, in the SRCxt and LRCxt condi-
tions, the invariant pattern is either in the upper or the lower hemifield. Also
note that the line intersection offset of the distractor stimuli was 27% of each
line segment’s length.

Results

Search task. The data in Figure 3 show the fine-scaled analysis of mean
RT plotted against individual epochs. As before, there was no difference
between conditions in early stages of training, while the curves diverge with
increased training.

Collapsing across the two grand epochs (first half and the second half of the
experiment), there was a main effect of epoch, F(1, 15) = 87.33, p < .0001, indi-
cating that RTs became faster over time. More importantly, the main effect of
condition was significant, F(3, 45) = 3.50, p < .023, suggesting that the invari-
ant conditions improved RT performance. The interaction was not significant
however (F < 1). To further examine this, we divided the data into five epochs,

286 OLSON AND CHUN

1800

2000

2200

2400

2600

1 2 3 4 5
Epoch

SRCxt

LRCxt

GlobalCxt

New

Figure 3. Reaction time data are shown as a function of epoch for each configuration condition in
Experiment 2 to show the learning function. Two conditions show additional learning from the new
condition: global context and short-range context (SRCxt), in which the target appeared within the
configuration.

R
es

po
ns

e
T

im
e/

m
s



and examined only the first and last epochs (epochs 1 and 5) for an interaction
between the New and GlobalCxt conditions. This was not significant (F < 1),
nor was the interaction between the New condition and the SRCxt condition,
F(1, 15) = 2.49, p > .14. To ensure that there was no difference between condi-
tions early in the experiment, we examined blocks 1 and 2 for the New com-
pared to the GlobalCxt and SRCxt conditions. This analysis showed that there
were no differences between conditions early in the experiment (all Fs < 1),
suggesting that the later differences between conditions were due to learning of
invariant contexts.

Table 3 shows the RT means and standard error data for condition by grand
epoch, as tested in Experiment 1 and in Chun and Jiang (1998, 1999). These
means are presented along with statistical tests between each condition and the
New condition to measure contextual cueing. Faster performance relative to the
New condition in the second grand epoch represent contextual cueing.

As before, the two invariant conditions with faster RTs compared to the New
control condition were the GlobalCxt condition, 141 ms faster, t(15) = 2.53, p <
.015, and the SRCxt condition, 147 ms faster, t(15) = 2.63, p < .012. There was
no difference between the GlobalCxt and SRCxt conditions, t(15) = .098, n.s.,
suggesting that both conditions similarly enhanced target localization via
learning. As in Experiment 1, there were no statistically significant differences
between the New condition and the LRCxt conditions.

Thus, repeated exposure to an otherwise arbitrary configuration, even when
this constituted only 50% of the overall configuration, facilitated search perfor-
mance for targets appearing within a constant location within that configura-
tion. This facilitation did not occur when the target was outside the invariant
configuration but did occur when the target was inside the invariant
configuration.
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TABLE 3
Response time as a function of configuration
and first and second halves in Experiment 2

Condition First half Second half

New 2280 (124) 2023 (126)
GlobalCxt 2174 (123) 1882 (124)

t(15), p 1.9 (0.064) 2.53 (0.015)
SRCxt 2231 (125) 1877 (105)

t(15), p 0.877 (0.385) 2.63 (0.012)
LRCxt 2275 (123) 1983 (110)

t(15), p 0.089 (0.929) 0.723 (0.474)

Standard error in parentheses following RT; two-
tailed t-tests of the new condition compared to each
other conditions are followed by p-values in
parentheses.



Visual hemifield analysis. We additionally examined the effects of upper
or lower placement of the repeating configuration in the same analysis. Table 4
shows these data . We first looked at general performance differences between
hemifields. For the second half of the experiment, participants were faster at
locating targets in the lower hemifield, reflected in the main effect of hemifield,
F(1, 15) = 10.88, p < .005. The lower hemifield RT benefit was found in three
conditions: LRCxt condition, t(15) = 3.88, p < .0003; SRCxt condition, t(15) =
2.65, p < .011; and in the New condition, t(15) = 2.74, p < .009.

A look at the data suggests that contextual cueing was not modulated by
upper-lower hemifield. Confirming this, no significant interactions were
obtained between visual hemifield and contextual cueing, analysed separately
for each condition (GlobalCxt, SRCxt, and LRCxt).

Discussion

As in Experiment 1, we found that participants learned associations between
repeating configurations and an embedded target location. This learning, or
contextual cueing worked as well for a full-screen configuration as for a half-
screen configuration, where 50% of the visual image was invariant, so long as
the target appeared within the invariant half-configuration. Replicating Experi-
ment 1, we found perceptual constraints on implicit learning since only local
context was encoded to benefit search performance. The upper-lower
hemifield manipulation in the present experiment further generalizes the find-
ings from Experiment 1 by showing that robust contextual learning occurs even
when the invariant information is distributed across both hemispheres.

Additionally, we found that participants were more efficient to detect targets
that appeared in the lower half of the screen. However, unlike Experiment 1,
contextual cueing (learning) was not differentially distributed by hemifield.
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TABLE 4
Response time as a function of condition and the first and second halves of the

experiment, by hemifield, for Experiment 2

Upper hemifield Lower hemifield
————————————————— —————————————————

Condition First half Second half First half Second half

New 2374.75(133) 2132.69 (145) 2188.50 (126) 1913.50 (115)
GlobalCxt 2233.63 (137) 1947.25 (155.26) 2119.81 (138) 1819.38 (129)

t(15), p 2.18 (0.035) 2.87 (0.006) 1.06 (0.294) 1.45 (0.153)
SRCxt 2327.81 (149) 1992.75 (114) 2135.44 (140) 1764.50 (135)

t(15), p .73 (0.472) 2.16 (0.036) 0.82 (0.417) 2.30 (0.026)
LRCxt 2441.69 (144) 2173.13 (123) 2112.69 (125) 1801.75 (113)

t(15), p –1.03 (0.307) –0.63 (0.535) 1.17 (0.25) 1.73 (0.091)

Standard error in parentheses following RT; two-tailed t-tests between the new condition and each
other conditions is followed by the p-value in parentheses.



Thus, the hemifield differences in Experiment 1 are suggestive of potential pro-
cessing differences in the left/right hemispheres of the brain. Experiment 2
shows no such processing differences for upper/lower visual field information,
despite the general benefit obtained for lower hemifield search, consistent with
He et al.’s (1996) demonstration of superior lower field accuracy in visual
search and tracking, and Rubin et al.’s (1996) demonstration of enhanced per-
ception of illusory contours in the lower hemifield. Although we did not control
for eye fixation, it is interesting that we obtained significant hemifield differ-
ences that are consistent with these previous findings. However, contextual
cueing was not affected by upper versus lower hemifield differences.

EXPERIMENT 3

In Experiments 1 and 2 long range context did not benefit target localization.
There are two possible reasons for this. First, context-target associations may
be spatially limited to local neighbours. By this logic, when the target is too far
from the configuration, as in the LRCxt condition, it cannot be bound or associ-
ated to the invariant context. A second alternative proposes that context-target
associations are not spatially limited but rather, cannot form over spatial dis-
ruption caused by intervening, uninformative information. This predicts that
the noise between the invariant context and the target in the long-range context
limited learning, not the spatial distance per se. Thus, Experiment 3 examines
whether implicit learning of visual context is influenced by perceptual group-
ing constraints.

To test these alternatives, we designed a new experiment. We compared
learning in two different types of long-range context conditions. The first con-
dition had context on either the upper or lower half of the screen, and a target
embedded in noise on the opposite hemifield, as in Experiment 2. However
“noise” distractor items were not allowed to appear in the space between the
target and the context. Learning was assessed by comparing performance to
that in a matched control condition. The control matched target eccentricity and
spatial allocation of distractors. This is termed the space condition. Learning in
the space manipulation was compared to learning in the second condition, in
which the screen was configured in a similar manner as in the first condition.
However, “noise” distractor items always appeared in the space between the
target and the context. This is termed the noise condition. Learning was
assessed by comparing performance to that in a matched control condition. The
control matched the target eccentricity and spatial allocation of distractors in
the noise condition. This design is illustrated in Figure 4.

We also examined explicit learning in this experiment. In Experiments 1 and
2 we assumed that learning was implicit because previous contextual cueing
manipulations have consistently found that participants have no knowledge or
awareness of the repeated configurations (Chun & Jiang, 1998; Chun & Phelps,
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1999). To make sure that this finding generalizes to our manipulation, we added
a yes/no recognition test at the end of the search experiment.

Method

Design and procedure. Twenty naïve undergraduates served as partici-
pants in this study. The methods were similar to that of Experiment 1 except
where noted. The two main variables were context (4 states) and grand epoch (1
and 2). The first context condition was the long range space condition (LRCxt-
space) in which there was a half-screen invariant context with a target on the
randomly configured side. The target and context were separated by empty
space. The second context condition (New-space) provided a matched control
for the LRCxt-space condition. All items were in a novel configuration with
empty space separating the target from the opposite side. The third context con-
dition was the long range noise condition (LRCxt-noise) in which there was a
half-screen invariant context with a target on the randomly configured side.
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Figure 4. A schematic example of a standard display for the LRCxt-noise and LRCxt-space condi-
tions. Time is represented on the horizontal, condition on the vertical. The invariant context that repeats
across blocks, occupies either the upper or lower half of each screen. The other half is occupied by a ran-
dom configuration (the dashed line serves to illustrate this point; it was not present in the real experi-
ment). In the LRCxt-noise condition, the target and context are always separated by intervening items.
In the SRCxt condition, the target and context are separated by space only.



The target and context were separated by “noise”, or in other words, randomly
positioned distractors. The fourth context condition, New-noise, served as a
matched control for the LRCxt-noise condition. All items were in a novel con-
figuration with noise separating the target from the opposite side. Each session
consisted of 20 blocks of 16 trials each (4 LRCxt-space, 4 LRCxt-noise, 4 New-
space, 4 New-noise) for a total of 320 trials. To increase power, blocks were
grouped into 2 grand epochs for analysis.

Each configuration was made up of 14 items, 7 items in the invariant con-
text, and 7 items in the noise. They appeared within an array of 10 × 10 loca-
tions. The distractor locations for the context were randomly sampled from all
possible locations in one hemifield including target locations used in previous
configurations. Contexts were generated separately for each participant and
then used throughout the experiment. The intersection of the two line segments
in the L distractors was offset so that one line hit the other 31% from the
endpoint.

In other respects, the configurations were generated as described in Experi-
ment 1, except for the following. First, the distractor locations were constrained
differently (see Figure 4). The distractor locations on the random half of the
screen were confined to 17 locations surrounding the target location. In the
LRCxt-space condition (and the New-space condition), these locations were
the seven spaces horizontal but not next to the target (e.g., each row had 10
spaces: 1 space for the target, 2 open spaces, one on either side of the target, and
the other 7 spaces designated as possible distractor locations) and the 10 spaces
in the row between the target row and the horizontal edge of the screen. In the
LRCxt-noise condition (and the New-noise), the possible noise locations were
the 7 spaces horizontal but not abutting the target, and the 10 spaces in the row
directly between the target and the invariant context. This helped control for
uneven effects of crowding that might inadvertently occur in one of the condi-
tions. Each New condition consisted of four different configurations that were
newly generated for each block, to serve as a control baseline. Each new condi-
tion used four target locations that were chosen at the beginning of the experi-
ment and used throughout the remainder of the experiment.

Second, the target locations were fixed prior to the experiment. In other
words, all participants experienced the same target locations. Target locations
were counterbalanced by hemifield, top or bottom, and by condition, space or
noise. In addition, the target eccentricities used in the experimental conditions
were matched to those in the control conditions (e.g., New-space and New-
noise).

Another change in procedure from Experiment 1 was the administration of a
configuration recognition test at the end of the session. The recognition test was
similar to that used in previous contextual cueing studies (Chun & Jiang, 1998,
1999; Chun & Phelps, 1999) This was administered to query participants’
knowledge about whether or not they had noticed the configuration repetition
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manipulation and, if so, whether they had tried to memorize the spatial layout of
the display. Regardless of their answers to these questions, every participant
performed a yes/no recognition test for the configurations presented in that
session.

The recognition test was administered at the end of the final block of search
trials. Participants were asked by the computer “Did you notice whether certain
configurations (spatial layout) of the stimuli were being repeated from block to
block (press ‘y’ or ‘n’)?” Next, they were asked “Did you explicitly try to mem-
orize the patterns? (press ‘y’ or ‘n’)?” After the participant responded to this
query, the computer began the recognition test. The recognition test was simply
a standard block of visual search trials comprised of the eight invariant configu-
rations used in the experiment and eight new patterns generated by the com-
puter. Instead of searching for a target, participants were instructed to respond
“yes” if they thought they had seen this particular configuration in the earlier
visual search blocks or “no” if they didn’t recognize this configuration.
Responses were unspeeded. Participants were not told that the invariant config-
uration occupied only one half of the screen since this may have created
unusual guessing strategies. Researchers have proposed that recognition tests
should mimic the training procedure in as many ways as possible (Shanks & St.
John, 1994).

The entire experiment took 40 min.

Results

Search task. We first present RT means as a function of 5 epochs. This is
illustrated for the noise conditions in Figure 5 and for the space conditions in
Figure 6. Table 5 presents RT means and standard error data for condition by
the first and second halves of the experiment. Two factors were used in a
repeated measures ANOVA: condition (New-space, LRCxt-space, New-noise,
LRCxt-noise), and grand epoch (the first and second halves of the experiment).
This revealed a main effect of grand epoch F(1, 19) = 24.3, p < .0001, indicating
that people get faster as they progressed in the experiment. There was also a
main effect of condition, F(3, 57) = 3.75, p < .016. However, the interactions
were not significant: LRCxt-space vs. New-space, F < 1; LRCxt-noise vs.
New-noise, F(1, 19) = 1.38, p > .25. To ensure that there was no difference
between conditions early in the experiment, we examined blocks 1 and 2 for all
conditions. There were no differences between New-space and LRCxt-space
conditions early in the experiment (all Fs < 1), nor was there a difference
between New-noise and LRcxt-noise conditions (all Fs < 1), suggesting that the
later differences between conditions were due to learning of invariant contexts.

Limiting the analysis to the second half of the experiment, RT was 132 ms
faster for the repeated configurations in the space condition (LRCxt-space),
t(19) = 2.18, p < .033. However, there was no difference between repeated and
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Figure 5. Reaction time data as a function of epoch for the noise conditions in Experiment 3 to show
the learning function.
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Figure 6. Reaction time data as a function of epoch for the space conditions in Experiment 3 to show
the learning function.



unrepeated configurations in the noise conditions (LRCxt-noise and New-
noise) in the second epoch, t(19) = 0.22, n.s. These findings demonstrate that
contextual information can cue target location at a distance, but only when the
target and context are not separated by uninformative visual information. The
insertion of variable visual information between target and context disrupted
learning.

Explicit recognition task. The results of the recognition test and question-
ing support the hypothesis that contextual cueing results from incidental learn-
ing, and that the memory representations are implicit. Mean accuracy in the
explicit recognition task was 50%. Hit rate on the space and noise patterns was
29% of trials. This did not significantly differ from their false positive rate of
28% (F < 1).

Only 5 of 20 participants reported that they noticed that certain configura-
tions were being repeated. This group, termed the “aware” group, had a hit rate
of 62% that did not significantly differ from their false positive rate of 45%,
F(1, 4) = 1.44, p > .296. All of these “aware” participants reported that they did
not try to explicitly encode the configurations. To examine whether learning
differed by aware vs. unaware status, we compared contextual cueing perfor-
mance over the second half of the experiment using a two-sample t-test. Aver-
age contextual cueing in the aware group (N = 5) was 218 ms and in the unaware
group (N = 15) contextual cueing averaged 103 ms. However, subjective
awareness did not modulate contextual cueing, since there was no difference
between groups, t(18) = 0.76, p > .45. To assess whether the hypothetically
aware participants used a different response criterion than the unaware partici-
pants, we looked at d’. T-tests between aware and unaware groups for d’ showed
that the two groups did not differ in their sensitivity, t(18) = 1.27, p > .22.

One possible criticism of this experiment is the space condition contained a
gap between the novel and old contexts, which may have made it possible for
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TABLE 5
Response time as a function of condition and
the first and second halves of the experiment,

for Experiment 3

Condition First half Second half

New-space 2363 (115) 2143 (98)
LRCxt-space 2290 (108) 2011 (92)

t(19), p 1.19 (0.298) 2.18 (0.033)
New-noise 2425 (113) 2262 (128)
LRCxt-noise 2539 (127) 2275 (121)

t(19), p 1.89 (0.064) .224 (0.823)

Standard error in parentheses following RT; two-
tailed t-tests followed by p-value in parentheses.



participants to perceive the context more clearly. To examine this possibility
we performed two additional analyses. The first analysis compared RT perfor-
mance across the second half of the experiment in the space condition by the
size of the gap. There were two levels of gap, small (target closer to the Old con-
text) and large (target further from the Old context). If RTs were faster when
there was a large gap, this would suggest that participants used the gap as a cue
to perceive the Old context more clearly, facilitating RT performance. How-
ever, there was no significant difference (F < 1). A second analysis compared
hit rate in the noise and space conditions. If a gap made contexts more perceptu-
ally salient in the space condition, there should have been higher recognition in
the space condition as compared to the noise condition. However, there was no
significant difference, F(1, 19) = 2.408, p ³ .14. Last, it should be noted that the
gaps were difficult to notice, due to the spatial dispersion of the contexts. Taken
together, these results suggest that the gap in the space condition did not serve
as a particularly strong or salient cue which might have allowed participants to
easily parse out the context in the space condition.

Discussion

The results from Experiment 3 demonstrate that the failure to find learning in
the Long–range context conditions of Experiments 1 and 2 was caused by the
separation of the target and context by uninformative random information.
Merely separating the context and target by empty space did not abolish learn-
ing, suggesting that associative learning between context and target was con-
strained by the perceptual organization of objects in the display rather than
spatial distance per se. Contextual cueing can occur across distances when the
target and context are separated by empty space with no interfering stimuli. The
recognition data confirms that the context learning was implicit, replicating
previous findings (Chun & Jiang, 1998; Chun & Phelps, 1999).

EXPERIMENT 4

Experiments 1–3 showed that spatial grouping of target and distractors is nec-
essary for contextual cueing. It is important to understand whether any other
grouping principles may also constrain the associations that can be formed in
contextual cueing. In Experiment 4 we examined whether grouping by colour
similarity would influence contextual cueing. If so, this would suggest that sur-
face features such as shape, colour, or orientation are encoded along with spa-
tial characteristics and used as additional grouping cues. If not, this would
suggest that the surface features of the context are not encoded or utilized to the
same degree as the spatial characteristics of the target-context array.

To test this we manipulated colour grouping by superimposing two different
coloured configurations, one repeated (Old) and one unrepeated (New). There
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were two types of Old conditions. In the first Old condition, the target and Old
context were the same colour, and the New context was a different colour. In
the second Old condition, the target and Old context were different colours. For
instance, if the Old context was green, the target was red and the New context
was red. In the New condition, the elements were a mixture of red and green.

Method

Design and procedure. Eighteen naïve undergraduates served as partici-
pants in this study. The stimulus elements were similar to those described in
Experiment 1, except that instead of being white, they were coloured red or
green. However, the organization of the elements differed from previous exper-
iments. The two main variables were context (3 states) and grand epoch (1 and
2). In the first Old condition, termed the “Old-match” condition, the repeated
context had seven distractors and 1 target, all of the same colour. The colours
and layout were preserved across blocks. Additionally, there were eight
distractor items that appeared in any available locations on the screen. They
were in a different colour than the repeated context and target; this constituted
the novel background. The background layout was varied across blocks.

The second Old condition, termed the “Old-oppose” condition, was similar
to the Old-match condition except that the target and Old context were different
colours. In other words, the target was the same colour as the novel
background.

The New condition served as a baseline control. Eight target locations were
chosen at the beginning of the experiment and used throughout the experiment.
The distractors were red and green, and varied in location from trial to trial.

All elements appeared within an array of 8 × 12 locations. The distractor
locations for the context were randomly sampled from all possible locations
including target locations used in previous configurations. Contexts were gen-
erated separately for each participant and then used throughout the experiment.
There were eight contexts in each Old condition, and 8 newly generated con-
texts in the New condition, creating 24 trials in each block. In each of the Old
conditions, four of the invariant contexts were red and four were green. The
random contexts were green and red, respectively. There were 20 blocks in the
learning phase of the experiment.

The experiment was conducted as described in Experiment 1. Briefly, the
experiment began with instructions followed by a practice block of 24 trials.
The spatial configurations used in practice were not used in the actual experi-
ment, and none of the configurations were repeated. Participants were not
informed that the spatial configurations of the stimuli would be repeated in
some trials; they were simply instructed to respond as quickly and as accurately
as possible. Participants pressed the space bar to begin each block. Each trial
started with a small dot for 300 ms, then a pause of 400 ms, and then the search
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array appeared on the screen. The participant searched for the target and
pressed a button as soon as they could. The response cleared screen and feed-
back was given. After 1 s, the next trial began.

A short recognition test, similar to that described in Experiment 3, followed
the contextual cueing trials. The entire experiment took about 45 min.

Results

Search task. We first present RT means as a function of 5 epochs. This is
illustrated in Figure 7. Table 6 presents RT means and standard error data for
condition by the first and second halves of the experiment.

Two factors were used in a repeated measures ANOVA: condition (3 levels:
Old-match; Old-oppose New), and grand epoch (the first and second halves of
the experiment). This revealed a main effect of epoch F(1, 17) = 69.37, p <
.0001, indicating that people became faster as they progressed in the experi-
ment. There was also a main effect of condition, F(2, 34) = 10.002, p < .0004,
but the interactions between Old-match and New, and Old-oppose and New
were not significant (all Fs < 1). Since t-tests showed that there were signifi-
cant differences between conditions in the first half of the experiment (e.g.,
Table 6), we examined RTs in blocks 1 and 2, to ensure that were were no dif-
ferences at the beginning of the experiment. There was no difference between
New and Old-match at block 1 or 2, F(1, 17) = 2.04, n.s., F(1, 17) = 2.18, n.s., or
New and Old-oppose at block 1 or 2, (all Fs < 1, n.s.). Taken together, these
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Figure 7. Reaction time data as a function of epoch for Experiment 4. Both the colour grouped (Old-
match) and non-grouped (Old-oppose) conditions showed additional learning from the New condition.



results suggest that RT’s were similar at the beginning of the experiment and
contextual cueing had a rapid onset.

Limiting the analysis to the second half of the experiment, average RT was
158 ms faster for the repeated configurations in the Old-match condition, as
compared to the New condition, t(17) = 4.70, p < .0001. RTs were also faster in
the Old-oppose condition as compared to the New condition, 145 ms faster,
t(17) = 4.32, p < .0001. However, there was no difference between the Old-
match and Old-oppose conditions in the second epoch, t(17) = 0.381, n.s.

These findings suggest that contextual cueing occurred equivalently for
contexts and targets that were colour-grouped and contexts and targets that
were not colour grouped. Thus, contextual information can cue the location of
differently coloured targets. Grouping by colour does not appear to influence
contextual cueing. Note that in these experiments, subjects were likely to have
ignored the colour of the items because the target appeared in each colour half
of the time. In contrast, when subjects are explicitly instructed to search for a
target of a particular colour (e.g., red), then colour grouping plays a role, and
contextual learning occurs only for the configurations of distractors that share
the target colour attended to (Jiang & Chun, 2001). It is also interesting to con-
sider another study that demonstrated sensitivity to global spatial configuration
information in visual short-term memory tasks (Jiang, Olson, & Chun, 2000).
Although changes in the spatial configurations of distractors was highly disrup-
tive to visual short-term memory, changes in colour groupings did not affect
performance.

Explicit recognition task. The results of the recognition test and question-
ing support the hypothesis that contextual cueing results from incidental learn-
ing, and that the memory representations are implicit. Mean accuracy in the
explicit recognition task was 44%. Overall hit rate was 33% of trials. This did
not differ from the false positive rate of 33% (F < 1). Additionally, there was no
difference in hit rate between the Old-match (M = 34%) and Old-oppose (M =
32%) conditions (F < 1).
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TABLE 6
Response time as a function of condition and
the first and second halves of the experiment,

for Experiment 4

Condition First half Second half

New 1746.18 (76.1) 1469.17 (58.7)
Old-match 1622.72 (82.5) 1311.44 (46)

t(17), p 3.68 (0.0008) 4.70 (0.0001)
Old-oppose 1618.86 (73.0) 1324.24 (56.2)

t(17), p 3.80 (0.0001) 4.32 (0.0001)

Standard error in parentheses following RT; two-
tailed t-tests followed by p-value in parentheses.



Seven of 20 participants reported that they noticed that certain configura-
tions were being repeated. This group, termed the “aware” group, had a hit rate
of 36% that did not significantly differ from their false positive rate of 39% (F <
1). All of these “aware” participants reported that they did not try to explicitly
encode the configurations. As a whole, the results from the recognition phase
show that there was little explicit knowledge or awareness of the repeated
contexts.

GENERAL DISCUSSION

Localization and recognition of objects in scenes benefits from visual context
(Biederman, 1972, 1981; Biederman et al., 1982; Palmer, 1975). The contex-
tual cueing paradigm is useful for studying how contextual information is
learned and how it influences visual processing (Chun & Jiang, 1998, 1999).
Experiments 1 and 2 showed that local context information is sufficient for spa-
tial contextual cueing. In fact, longer-range interactions did not assist in local-
ization at all, even though both long-range and short-range context information
were equally predictive of target location. Thus, spatial contextual cueing was
driven by invariant local context information, whether the local configuration
was part of a globally invariant configuration, or whether it was only one half of
the screen adjacent to a noisy half that randomly changed from one presentation
to the next. Long-range context benefited performance only when there was no
intervening material between the target location and the invariant context infor-
mation, as shown in Experiment 3. This suggests that target-context associa-
tions can occur across distances of unoccupied space, rather than being limited
by spatial distance per se. These findings illustrate that implicit learning of spa-
tial context information is subject to perceptual grouping constraints.

Grouping by spatial proximity may be especially important in contextual
cueing which by its nature, is a spatial manipulation. One other common group-
ing mechanism, grouping by similar colour, was not critical for achieving the
RT benefit of contextual cueing (Experiment 4). This may have occurred
because target colour was an incidental feature to the search task, as the target
could appear in any one of two colours used. When colour plays a defining role
(as when subjects are told to look for items appearing in a specified colour),
contextual learning occurs for contexts that share the target colour and but does
not occur for contexts of a different colour (Jiang & Chun, 2001).

We also varied whether invariant context information was presented in the
left versus right, or upper versus lower hemifields. The hemifield analyses
revealed several suggestive findings. First, we observed a right visual
hemifield advantage for contextual learning and guidance. Interestingly, previ-
ous work established a right visual hemifield (left hemisphere) advantage for
guided search (Kingstone et al., 1995). Thus, our results suggest that the left
hemisphere may play a stronger role in the contextual guidance of visual
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search. Further work with split-brain patients should confirm this interesting
hypothesis. Second, we replicated previous studies that demonstrate more effi-
cient visual processing in the lower compared to upper visual hemifield in
tracking tasks and conjunction search (He et al., 1996) as well as illusory con-
tour detection (Rubin et al., 1996). In our tasks, search was faster for targets
appearing in the lower hemified. However, contextual cueing was not modu-
lated by upper versus lower hemifield differences.

More broadly, our results indicate that implicit learning of visual context
information is robust enough to overcome random, uninformative noise in the
visual input. A large proportion of visual scenes contain important invariant
information in the form of patterned movements (Chun & Jiang, 1999), loca-
tions (Chun & Jiang, 1998), and sequential events (Olson & Chun, 1999). How-
ever, a considerable amount of visual information in everyday scenes is random
and unstructured. For instance blowing leaves or the colour of passing cars
change rapidly and typically provide very little useful, invariant information to
constrain visual behaviour. Our results indicate that useful, invariant informa-
tion can be parsed away from unpredictive noise. However, in the absence of
other cues, statistical learning of visual context information may be limited to
temporally proximal (e.g., Cleeremans & McClelland, 1991) and spatially
proximal events. These results suggest that associative learning accounts of
implicit learning must take into account perceptual constraints on information
processing.
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